Background: The nasal valve area is the narrowest region of the entire upper airway. Numerous procedures and spreader devices are published to widen the nasal valve or to stabilize it, but the indications are based only on the surgeon's experience.
Introduction
Valves are mobile structures controlling the flow of a fluid, air or any other material through a passage, pipe, duct etc. Within the nose various anatomic structures are acting as valve regulating the air flow. However, till today there is no complete agreement about the nasal valve terminology and correct usage of the term valve. A review of the literature shows different terminology like -nasal valve area, internal nasal valve and external nasal valve, or just nasal valve each defining their topic of interest (1) (2) (3) (4) . From the physiological aspect the nasal valve is a singular structure, but a complex three-dimensional entity or area consisting of several morphological structures. It is a functional unit that, acting as "flow limiting segment" at the place of maximum flow resistance, which allows air flow regulation (5) in particular in higher flow rates.
Difficult nasal breathing is one of the most common complaints in the clinical practice of otorhinolaryngology. Disorders of the nasal valve are frequently overlooked and/or not included in a systematic examination thus resulting in false diagnoses and unsuccessful surgical treatments of impaired nasal breathing (6) .
The main content of the work was presented at the conference of the European Rhinologic Society, London, The detailed analysis of the ascending and descending parts of the breathing wave by "4-phase rhinomanometry" (4PR) (2, 7) , allows an estimation of the influence of the nasal valve by the size of inspiratory loops within the graphs (8) . (4, (9) (10) (11) (12) . to the lateral nasal wall by nasal breathing -during inspiration and expiration. Thus, in certain conditions, the value of the influencing quantity can be derived from the measured strain value. This method is widely used in experimental stress analysis. Such stress analysis by measuring the strain values that are determined in some material allows to determine the stress in the material, thus to predict its safety and durability (see: http:// www.ni.com/white-paper/3642/en/#toc1. and https://www.
omegaeng.cz/prodinfo/StrainGages.html#nav).
The aim of the study was to quantify the mobility of the lateral nasal wall under the influence of breathing to improve the indication for surgical or prosthetic procedures with influence on the nasal valve, also to verify loops in 4-phase-rhinomanometry.
Methods
The study was approved by the Ethics Committee for Clinical
Research at the University of Latvia. 30 volunteers were enrolled into the study, 11 males and 19 females between age of 20 and 61 with no previous history of nasal pathology or absence of acute respiratory tract infection in the preceding 2 weeks. All volunteers were introduced to the study and were informed about the course, purpose, and non-invasiveness of the approach. Regular 4-phase-rhinomanometry was carried out before in resting conditions and the subjects have been classified in class 1 or 2 (13) . Written informed consent was obtained from all volunteers.
Technique of elastography
The technical equipment was the first practical realisation of the applied patent by Vogt and Prill (14) . The constructive elements and the realisation of the measurement device are shown in Figure 4 shows a typical 3-channel record of pressure, flow, and deflection in quiet breathing, during sniffing and slightly elevated breathing.
Results
Unilateral measurements from the entire study population from right and left side of the nose were stratified according to the parameters of flow ( ), pressure (DP) and deflection (D) in quiet breathing ( Table 1 ). The distribution of means of the deflection is depicted in Figure 5 .
We noticed first, that there was not any measurement with no deflection at all. In 31 measurements high deflection (> 2 mm) was already seen in DP > 200 Pa or in 21 cases at a flow rate of 
Discussion
The primary intention of this work was the development of a complete new technique for the evaluation of the movement of the lateral nasal wall including a pilot study in healthy volunteers. Principally, different quantitative measurement techniques can be used such as distance measurements by changing induction (13) , determining the changes of the cross-section area by a micro camera, laser or infra-red distance measurements. However, it can be shown that the strain gauge technique applied is fast enough to follow the movement of the nasal wall, and a hysteresis if observed is a physiological phenomenon corresponding to the type C (elastic type) of rhinomanometric patterns as given by Vogt et al. (2) . Such a hysteresis was also It is likely but not proved that the feeling of a movable lateral nasal wall determines in part the general feeling of normal nasal breathing in human being. This statement must be investigated by myography to determine the muscle activity or similar methods.
Overall, our pilot study demonstrates, that the nasal valve is not only a passive instrument to close the nasal airway for generating an under-pressure to remove mucous or to produce vortices in "sniffing" but that it also is involved in the entire regulation of the human airway.
Conclusion
The elastography of the lateral nasal wall delivers important information about the influence of motile structures of the nasal entrance onto the nasal airway resistance, and should be developed as quantitative and statistically verified method determining the indication and success of surgery in this area. Also, in consent with the beginning introduction of CFD -methods into the clinical routine, it is important that the narrowest structure within the entire airway is also in low flow rates an inconstant element depending on the influence of Bernouilli-effects. The mutual validation of the methods mentioned above is mandatory before the introduction of the elastography as clinical method and was already started.
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